Problems facing coal mining and gas production in the Hartshorne coalbeds of the Western Arkoma Basin, OK by Iannacchione, Anthony T. & United States Bureau of Mines.
Bureau of Mines Report of Investigations/l983 
Problems Facing Coal Mining and Gas 
Production in the Hartshorne Coalbeds 
of the Western Arkoma Basin, OK 
By A. T. lannacchione, C. A. Kertis, 0.  W. Houseknecht, 
and J. H. Perry 
UNITED STATES DEPARTMENT OF THE INTERIOR 
Report of Investigations 8795 
Problems Facing Coal Mining and Gas 
Production in the Hartshorne Coalbeds 
of the Western Arkoma Basin. OK 
By A. T. lannacchione, C. A. Kertis, D. W. Houseknecht, 
and J. H .  Perry 
UNITED STATES DEPARTMENT OF THE INTERIOR 
James G. Watt, Secretary 
BUREAU OF MINES 
Robert C. Horton, Director 
As the Nation's principal conservation agency, the  Department of the Interior 
has  responsibility fa most of our nationally owned public lands and natural 
resources. This includes fostering the wisest  u s e  of our land and water re- 
sources,  protecting our fish and wildlife, preserving the environmental and 
cultural values of our national parks and historical  places,  and providing for 
the enjoyment of life through outdoor recreation. The Department a s s e s s e s  
our energy and mineral resources and works t o  assure  that their development i s  
in the bes t  interests of a l l  our people. The Department a l s o  has  a major re- 
sponsibility for American Indian reservation communities and for people who 
live in Island Territories under U.S. administration. 
This publication has been cataloged as follows: 
P r o b l e m s  f a c i n g  c o a l  m i n i n g  a n d  gas produc t ion  in t h e  H a r t s h o r n e  
C o a l b e d s  in the Western  Arkoma  B a s i n ,  OK. 
( B u r e a u  of Mines  repor t  of i n v e s t i g a t i o n s  ; 8795) 
B ib l iog raphy :  p. 22-24. 
Supt .  of Docs .  no: I 28.23:8795. 
1. C o a l  m i n e s  a n d  mining-Arkoma H a s i n  (Ark. a n d  Okla.). 2. G a s ,  
Natural -Arkoma R a s i n  (Ark.  a n d  Okia.).  3. C o a l  m i n e s  a n d  mining-  
Oklahoma.  4. G a s ,  Natural -Oklahoma.  I. I a n n a c c l ~ i o n e ,  An thony  ?'. 
11, T i t l e :  H a r t s h o r n e  c o a l b e d s  in  t h e  U'escern Arkoma B a s i n ,  OK. 111. 
S e r i e s :  Kcpor t  of. i n v e s t i g a t i o n s  ( U n i t e d  S t a t e s .  B u r e a u  of M i n e s )  : 
TN23.U43 [T1\;805.A5] 622s r553.2'4'0976661 83-600035 
F o r  s a l e  by t h e  Su l , e r in t endcn t  of I ) r rcuments ,  U.S. Government P r i ~ i t i ~ ~ ~  Officc 
U'ashington , 1).C. 20402 
CONTENTS 
Page 
A b s t r a c t  ................................................................... 
I n t r o d u c t i o n  ............................................................... 
Acknowledgments ............................................................ 
T h i c k n e s s  and a r e a l  e x t e n t  of t h e  H a r t s h o r n e  Coalbeds ...................... 
.... Use of g a s  w e l l  d a t a  t o  i d e n t i f y  o c c u r r e n c e  of H a r t s h o r n e  Coalbeds  
I n f l u e n c e  of d e p o s i t i o n a l  env i ronment s  on t h i c k n e s s  of t h e  H a r t s h o r n e  
Coalbeds  ............................................................ 
................................. Methane c o n t e n t  of t h e  H a r t s h o r n e  Coalbeds 
................. V a r i a t i o n  of methane c o n t e n t  w i t h  ove rburden  and r ank  
............. E s t i m a t e s  of methane r e s o u r c e s  of t h e  H a r t s h o r n e  Coalbeds 
...................... Occur rence  of n a t u r a l  g a s  i n  t h e  H a r t s h o r n e  Format ion  
........................................ L o c a t i o n  of n a t u r a l  g a s  f i e l d s  
.................. C h a r a c t e r i s t i c s  of c o a l b e d  and s a n d s t o n e  n a t u r a l  g a s  
Use of g a s  compos i t ion  d a t a  t o  i d e n t i f y  l e g a l  and t e c h n o l o g i c a l  prob- 
........... lems i n  underground and s u r f a c e  methane d r a i n a g e  p r o j e c t s  
I n f l u e n c e  of g e o l o g i c  s t r u c t u r e s  on development of deep mines and p lacement  
........................................ o f  c o a l b e d  methane d r a i n a g e  w e l l s  
.................................................... S t r u c t u r a l  s e t t i n g  
E f f e c t s  of f o l d i n g  on mine p l a n n i n g  and development .  mining sys t ems .  
....................................... and methane d r a i n a g e  programs 
E f f e c t s  of f a u l t i n g  on mine p l a n n i n g  and development .  mining sys t ems .  
and  methane d r a i n a g e  p r o g r a m  ....................................... 
Summary and c o n c l u s i o n s  .................................................... 
R e f e r e n c e s  ................................................................. 
Appendix.--Applicat ion of K i m ' s  model t o  t h e  H a r t s h o r n e  Coalbeds ........... 
L o c a t i o n  of s t u d y  a r e a  ................................................ 
Isopacll  map of H a r t s h o r n e  (u r ld iv ided)  and Lower H a r t s h o r n e  Coalbeds ... 
............................... I sopach  map of Upper H a r t s h o r n e  Coalbed 
L o c a t i o n  of g a s  w e l l s .  w i t h  a v a i l a b l e  g e o p h y s i c d l  we l l  l o g  d a t a .  t h a t  
.................................. p e n e t r a t e  t h e  Har tshor t ie  For rna t io~ i  
G e n e r a l i z e d  s t r a t i g r a p h i c  c r o s s  s e c t i o n  of t h e  H a r t s h o r n e  Format ion .  
w e s t e r n  Arkoma B a s i n  ................................................ 
....................... Lower H a r t s h o r n e  Sands t o n e  r e g i o n a l  i s o l i  t 11 map 
Example of d e p o s i t i o n a l  envi ronment  and l i t - h o l o g y  i d e n t i f i c a t i o n  f rom 
........................................... g e o p h y s i c a l  l o g  r e s p o n s e s  
Northwest  t o  s o u t h e a s t  s t r a t i g r a p h i c  c r o s s  s e c t i o n  A-A' t h rough  t h e  
.................................. n o r t h e r n  p o r t i o n  of t h e  s t u d y  a r e a  
9 . Northwest  t o  s o u t h e a s t  s t r a t i g r a p h i c  c r o s s  s e c t i o n  B-B' t h rough  t h e  
................................... c e n t r a l  p o r t i o n  of t h e  s t u d y  a r e a  
1 0  . Northwest  t o  s o u t h e a s t  s t r a t i g r a p h i c  c r o s s  s e c t i o n  C-C' t h rough  t h e  
.................................. s o u t h e r n  p o r t i o n  of t h e  s t u d y  a r e a  
.............................. 1 1  . L o c a t i o n  of  s t r a t i g r a p h i c  c r o s s  s e c t i o n s  
....................... 12  . Upper H a r t s h o r n e  Sands tone  r e g i o n a l  i s o l i t l ~  map 
............................. 1 3  . I s o l i t h  map of Lower H a r t s h o r n e  Sands tone  
......................... 1 4  . I s o l i t h  map of t h e  Upper H a r t s h o r n e  Sandstone  
................... 1 5  . L o c a t i o n  of H a r t s h o r n e  c o a l - c o r e  d e s o r p t i o n  samples  
.............................. 1 6  . Kegiona l  r a n k  map of H a r t s h o r n e  Coalbeds 
2  
Envelope 
Envelope 
Envelope 
Follows 
page 6 
Fol lows 
page 6 
Fol lows 
page  6 
6 
7 
Envelope 
Envelope 
8 
9 
ILLUSTRATIONS--Continued 
Page 
-- 
Relationship of Hartshorne coal overburden, rank, and methane content. 10 
Overburden above the Hartshorne Coalbeds.............................. Envelope 
Changes in estimated and observed methane contents versEs depth for 
low-volatile bituminous Hartshorne coal...............aam.Daaa...ama 1 1  
Changes in estimated and observed methane contents versus depth for 
high-volatile A bituminous Hartshorne coa1..... . . . . . . . . . . . . . . . . . . . . .  12 
Location of natural gas fields in Hartshorne  sandstone^........,...^.. 15 
..................................... Hartshorne Coalbed gas samples.,. 16 
Hartshorne Sandstone gas samples.......,....m.a.a..aaaaaaaa.COmaaa.mma 1. 6 
Structural contour map of the Hartshorne coal bed^................^.... Envelope 
Physiographic province map for western Oklahoma and eastern Arkansas.. 19 
Local structure contour map of Hartshorne CoaPbeds,..........a.m....Y. 20 
Effects of variability in folding and faulting on drilling methane 
drainage s y s t e ~ . . . . . . . . . . . . . . a . m a . . . a m . ~ . . . . . . . m a m . . . m . . m a a a a m m . a a a  21 
TABLES 
1 .  Economic resource estimates for the Hartshorne Coalbeds.........,..... 
.............................. 2 .  Hartshorne coal-core desorption analysis 
3 .  Gas pressures from various coalbeds in the United States.............. 
4.  Methane resources at various overburdens..........ma......m~aa~.ma.m.. 
............................. 5 .  Hartshorne Sandstone natural gas analysis 
6 .  Hartshorne Coalbeds gas analysis. ..................................... 
UNIT OF MEASUE ABBREVIATIONS IJSLD TN 
centimeter in 
cubic centimeter per gram rn3 
foot m3 /d 
cubic foot md 
cubic foot per day n l i  
cubic foot per ton (short) Pa 
gallon 
inch 
kilometer 
liter 
pct 
t 
'I'H T S KKPOK'I' 
meter 
cubic meter 
cubic meter per day 
~ni i lidarcy 
mi l e  
Pascal 
percent 
metric ton 
ton (short) 
year 
PROBLEMS FACING C O A L  MINING AND GAS PRODUCTION IN T H E  HARTSHORNE 
COALBEDS OF T H E  WESTERN ARKOMA BASIN, OK 
By A, T. iannacchione, C. A. Kert is ,  Dm W. ~ o u s e k n e c h t , ~  and J. Ha p e r r y 3  
ABSTRACT 
Major problems f a c i n g  t h e  development of c o a l  and gas  r e s o u r c e s  of t h e  
Har t shorne  Coalbeds i n c l u d e  t h e  complex d i s t r i b u t i o n  of minable and un- 
minable  c o a l ,  h igh methane c o n t e n t  and bed p r e s s u r e ,  f a u l t i n g ,  v a r i a -  
t i o n s  i n  degree  of d i p ,  p resence  of n a t u r a l  gas  f i e l d s  i n  a s s o c i a t e d  
s a n d s t o n e s ,  and l e g a l  problems, caused by l o c a l  g e o l o g i c  c h a r a c t e r i s -  
t i c s ,  i n  i d e n t i f y i n g  gas  o r i g i n .  Th is  Bureau of Mines s tudy  p rov ides  
p e r t i n e n t  g e o l o g i c  i n f o r m a t i o n  f o r  long-range p lann ing  of s u b s u r f a c e  
c o a l  and gas  p roduc t ion  from t h e  Har tshorne Coalbeds. 
P i t t s b u r g ,  Coal,  Hughes, and Atoka Count ies ,  OK, have approximately  
1 b i l l i o n  m e t r i c  t o n s  (1.1 b i l l i o n  s h o r t  t o n s )  of Har tshorne c o a l  i n  
p l a c e .  The methane r e s o u r c e  of Har tshorne Coalbeds i s  e s t i m a t e d  a t  9.2 
b i l l i o n  m3 (325 b i l l i o n  f t 3 )  and v a r i e s  w i t h  overburden and r a n k ,  These 
e s t i m a t e s  were compiled f rom g a s  w e l l  d e n s i t y  l o g s ,  coal-core  d a t a ,  out-  
c r o p  measurements, abandoned mine maps, and t h e  l i t e r a t u r e .  
The Hartshorne Coalbeds r e p r e s e n t  a v a l u a b l e  c o a l  and gas  r e s o u r c e  
which a t  p r e s e n t  i s  c o n t r i b u t i n g  n o t h i n g  t o  c o a l  and gas  product ion.  
T h i s  r e p o r t  d i s c u s s e s  p o t e n t i a l  problems and s e r v e s  a s  a r e f e r e n c e  f o r  
f u t u r e  e x p l o r a t i o n  and development work. Kecogni t ion of t h e s e  p o t e n t i a l  
g e o l o g i c a l l y  r e l a t e d  problems p r i o r  t o  development of t h i s  b a s i n  w i l l  
reduce hazards  and a l l o w  f o r  a n  economic recovery  of t h e s e  resources .  
------ -- - - - 
' ~ e o l o g i s t ,  P i t t s b u r g h  R e s e a r c h  C e n t e r ,  Bureau  o f  Mines ,  P i t t s b u r g h ,  PA. 
* ~ e o l o g i s t  ( f a c u l t y  member) ,  P i t t s b u r g h  R e s e a r c h  C e n t e r ,  Bu reau  o f  Mines ,  P i t t s -  
b u r g h ,  PA. 
3 ~ i n i n g  e n g i n e e r ,  R e s o u r c e  E n t e r p r i s e s ,  S a l t  Lake C i t y ,  UT. 
INTRODUCTION 
The Har t shorne  Coalbeds of t h e  w e s t e r n  
Arkoma Bas in  ( f i g .  1 )  c o n t a i n  some of t h e  
b e t t e r  q u a l i t y  m e t a l l u r g i c a l  and s t eam 
c o a l s  found west  of t h e  M i s s i s s i p p i  Riv- 
e r .  These cua lbeds  were n i n e d  e x t e n s i v e -  
l y  a l o n g  o u t c r o p s  from t h e  1870's  t o  t h e  
e a r l y  1950 's .  I n  1915, 100 p c t  of t h e  
mining w a s  done by underground methods. 
T h i s  p e r c e n t a g e  has  dec reased  s t e z d i l y  
th rough  t h e  y e a r s  t o  z e r o  5y 1970, Re- 
c e n t  a t t e m p t s  t o  mine t h e  H a r t s h o r n e  
Coa lbeds ,  such  a s  t h e  Howe, Evans Exper i -  
m e n t a l ,  and Choctaw Mines, have a l l  
f a i l e d  a f t e r  i n i t i a l  deve lopment .  Exces- 
s i v e  methane e m i s s i o n s ,  s t e e p l y  d i p p i n g  
b e d s ,  v a r i a b l e  overburdens  [I) t o  1,220 rn 
( 0  t o  4 ,000 f t ) ] ,  d i s c o n t i n u i t i e s  of c o a l  
f rom f a u l t s  and "wants" (wants i n d i c a t e  a 
Pack of minable  t h i c k n e s s ) ,  and poor 
roof- rock s t a b i l i t y  have a l l  comhiried t o  
t h r e a t e n  t h e  s a f e t y  of miners  and t o  h in-  
d e r  c o a l  p roduc t ion .  
Methane g a s  p r o d u c t i o n  has  been demon- 
s t r a t e d  a t  two l o c a t i o n s  i n  t h e  b a s i n  and 
shows g r e a t  p o t e n t i a l  even though t h e  
H a r t s h o r n e  Coalbeds a r e  known t o  have 
g e n e r a l l y  iow p e r n e a b i l i t y .  Kissell 
1 New Mexico 
N J - - --- - - -- 
Texas 
/ Sequoyah 7 Pittsburg 
2 Muskogee 8 Hughes 
3 Le Flsre 9 Atoka 
4 H~skel l  10 Coal 
5 Mclntosh /! Pontot~c 
6 Latimer 
Location of townships and 
comprising the study area 
(22)4 i n d i c a t e d  p e r m e a b i l i t y  r anges  of 
0 x 8  t o  2.0 md from n i n e  h o r i z o n t a l  
h o l e s  18 t o  34 m (60  t o  110 f t )  l o n g  a t  
t h e  IIowe No. 1  Mine i n  Le F l o r e  County, 
OK. T h i s s a m e  m i n e w a s  t h e s i t e o f  a  
f i v e - h o l e  v e r t i c a l  a e t h a n e  d r a i n a g e  p r o j -  
e c t .  P roduc t ion  from t h e  p a t t e r n  t o t a l e d  
141,500 m3 ( 5  m i l l i o n  f t 3 )  of methane gas 
and 382,000 L (101,000 g a l )  of w a t e r  o v e r  
a 3-yr p e r i o d  ( 7 ) .  The d e p t h  of t h e s e  
h o l e s  ranged f rom 152 m (500 f t )  t o  1 8 3  m 
(600 f t ) .  One h o l e  i n  t h i s  p a t t e r n  was 
s t i m u l a t e d  and showed an  e i g h t f o l d  in- 
c r e a s e  i n  methane product  ion.  
Kerr-McGee d r a i n e d  methane from t h e  
Har t shorne  Coalbeds a t  i t s  Choctaw Mine 
from 1976 t o  1979. A number of h o r i -  
z o n t a l  b o r e h o l e s  60 t o  750 m (200  t o  
2,500 f t )  l o n g  were d r i l l e d  i n t o  t h e  
coalbed.  Gas p r o d u c t i o n  from t h e s e  h o l e s  
reached a  h igh of 28,000 m3/d ( 1  m i l l i o n  
f t 3 / d )  i n  1977 and d e c r e a s e d  t o  approx i -  
mate ly  11,000 m3/d (400,000 f t 3 / d )  i n  
- 
4 ~ n d e r l i n e d  numbers i n  parentheses re- 
f e r  t o  i t e m s  i n  t h e  l i s t  of r e f e r e n c e s  
preceding t h e  append ix .  
Kansas 
- - -- .-.. - -.-- - 
------ 
Missouri I 
0 k l a  homa 
ranges /lfJ \ ,-s--\ '4 I 
Texas I 
-- -- County line, loca9ion of counties where 
Hartshorne Formation is present 
0 50 km 
Scole I--&, 
*-- State line 
Arkansas 
F ! G U R E  1: - L.ocot:on o f  s t u d y  orco; port iorls of P i t tsburg,  C o d .  Hughes, and Atoko Counties,, OK. 
mid-1978 (30) .  In format ion  from t h e s e  
two demons t ra t ion  p r o j e c t s ,  t o g e t h e r  w i t h  
methane c o n t e n t  and c o a l  t h i c k n e s s  d a t a  
f rom t h i s  r e p o r t ,  shows an e x c e l l e n t  po- 
t e n t i a l  f o r  gas  p roduc t ion  from Hart-  
s h o r n e  Coalbeds. 
It is  expected t h a t  t h e  c o l l e c t i o n ,  ex- 
amina t ion ,  and d i s t r i b u t i o n  of d a t a  con- 
ce rned  w i t h  mining and methane d r a i n a g e  
o f  t h e  Har tshorne Coalbeds w i l l  i n c r e a s e  
i n t e r e s t  and a i d  i n  p lann ing  s a f e r ,  more 
e f f i c i e n t  o p e r a t i o n s .  Geologic  maps, 
coal-core  d e s o r p t i o n  d a t a ,  p h y s i c a l  and 
chemical  gas  composi t ion d a t a ,  and d i s -  
c u s s i o n s  of methane d r a i n a g e  t e c h n o l o g i e s  
a r e  p r e s e n t e d  h e r e i n  t o  p rov ide  a  b a s i s  
f o r  unders tand ing  fundamental  f a c t o r s  
c o n t r o l l i n g  mining and gas  p roduc t ion  
from t h e  Har tshorne Coalbeds of t h e  west- 
e r n  Arkoma Basin. 
S p e c i a l  c o o p e r a t i o n  i n  d a t a  c o l l e c t i o n  Research T r i a n g l e  I n s t i t u t e ,  Ra le ign ,  NC, 
was provided by t h e  c o a l  and gas  opera- f o r  h i s  i n p u t  i n  t h e  s t a t i s t i c a l  i n t e r -  
t o r s  of t h e  Arkoma Basin. The a u t h o r s  p r e t a t i o n  of t h e  d a t a .  
a l s o  wish t o  thank V. G.  Iannacchione of 
THICKNESS AND AREAL EXTENT OF THE HARTSHORNE COALBEDS 
An a c c u r a t e  e s t i m a t e  of t o t a l  c o a l  i n  
p l a c e  i n  t h e  w e s t e r n  Arkom Basin  has 
been d i f f i c u l t  t o  make because of t h e  
l a c k  of borehole  d a t a  and poor o u t c r o p  
exposure .  To compensate f o r  t h i s  l a c k  
o f  i n f o r m a t i o n ,  r e a d i l y  a v a i l a b l e  den- 
s i t y  l o g s  from numerous gas  w e l l s  have 
been c o n s e r v a t i v e l y  e v a l u a t e d  t o  e s t i -  
mate c o a l  t h i c k n e s s .  The r e s o u r c e s  
of Har tshorne Coalbeds [ g r e a t e r  t h a n  
36 cm (14 i n )  t h i c k  and l e s s  t h a n  914 m 
(3 ,000  f t )  deep]  have been c a l c u l a t e d  
t o  be approximately  1 b i l l i o n  t (1 .1  b i l -  
l i o n  T). Approximately 900 m i l l i o n  t 
( 1  b i l l i o n  T) of t h e  r e s o u r c e s  i s  con- 
t a i n e d  i n  Har tshorne Coalbeds g r e a t e r  
t h a n  71 cm (28 i n )  t h i c k .  Th is  e s t i m a t e  
does  not  i n c l u d e  approximately  27 m i l -  
l i o n  t (30 m i l l i o n  T) of c o a l  a l r e a d y  
mined. Using coal-core ,  o u t c r o p ,  and 
mine d a t a ,  Friedman (10)  p r e v i o u s l y  s e t  
a n  e s t i m a t e  of c o a l  r e s o u r c e s  f o r  P i t t s -  
burgh,  Coal,  and Atoka Count ies  a t  566 
m i l l i o n  t (624 m i l l i o n  T). 
USE OF GAS WELL DATA TO IDENTIFY 
OCCURRENCE OF HARTSHORNE COALBEDS 
The Bureau has  a t tempted t o  e s t i m a t e  
tonnage of minable  c o a l  i n  p l a c e  s o  t h a t  
methane r e s o u r c e s  can be c a l c u l a t e d  f o r  
deep mining and d e g a s i f i c a t i o n  p r o j e c t s .  
U n t i l  r e c e n t l y ,  e x p l o r a t i o n  coal-core  
d r i l l i n g  has occur red  a lmost  e x c l u s i v e l y  
w i t h i n  2  km (1.25 mi) of t h e  o u t c r o p  of 
t h e  Har t shorne  Formation. For t h e  most 
p a r t ,  coalbed r e s o u r c e s  g r e a t e r  t h a n  2  km 
(1.2 mi) from o u t c r o p  and g r e a t e r  t h a n  
300 m (1 ,000 f t )  deep have been consid-  
e r e d  unknown. However, i n  t h e  nex t  few 
decades c o a l  mining w i l l  probably occur  
a t  d e p t h s  approaching 900 m (3 ,000  f t ) .  
I sopach maps of t h e  Har t shorne  Coalbeds 
[ f i g s .  2  and 3  ( e n v e l o p e ) ]  have been pre- 
pared from approximately  138 d e n s i t y  l o g s  
from t h e  more t h a n  400 e l e c t r i c  l o g s  ex- 
amined [ f i g .  4  (enve lope)  ]  , maps from 34 
abandoned c o a l  mines,  5  coal-core  l o g s ,  
and o u t c r o p  d a t a  from publ i shed  r e p o r t s  
( 4 ,  8-10, 12,  25, 28) .  It is  no t  t h e  
- -- - -
purpose of t h i s  r e p o r t  t o  develop c o a l  
r e s o u r c e  d a t a ,  however, t h e  U.S. Bureau 
of Mines and U.S. Geolog ica l  Survey meth- 
od (32)  - i s  used f o r  c a l c u l a t i n g  c o a l  i n  
p lace .  Coal e s t i m a t e s  a r e  based on cen- 
t e r s  of c i r c l e s  w i t h  r a d i i  of 3  km ( 2  m i )  
from a  borehole .  Es t imates  of economic 
t h i c k n e s s e s  a r e  based on t h i c k n e s s e s  
g r e a t e r  t h a n  71 cm (28  i n ) .  Table  1  con- 
t a i n s  a  l i s t  of t h e  economic r e s o u r c e  e s -  
t i m a t e s  f o r  t h e  Har tshorne Coalbeds. The 
o v e r a l l  g r e a t  d e p t h  of t h e  c o a l  i s  e v i -  
den t  from t h e s e  d a t a  because approximate- 
l y  500 m i l l i o n  t (550 m i l l i o n  T) of c o a l ,  
o r  over  50 pc t  of t h e  remaining re-  
s o u r c e s ,  occur  a t  d e p t h s  of 600 t o  900 m 
(2 ,000 t o  3,000 f t ) .  
TABLE 1. - Economic r e s o u r c e  e s t i m a t e s  f o r  t h e  f i a r t shorne  
Coalbeds [>71 cffi 0 2 8  i n ) ] ,  m i l l i o n  m e t r i c  tolls 
Over burden,  rn 1 Undivided 
610 t o  914... 
To ta l . . . . .  1 ;is 
---- . --- .---- 
- ~ w ~  P o r t i o n  of 
INFLUENCE OF DEPOSITIONAI, EWIROhT.lE:1JTS 
ON THICKNESS OF THE HARTSHOKNE COALBEDS 
The d e p o s i t i o n a l  environments  of t h e  
H a r t s h o r n e  Coalbeds have i n f  iuenced  the 
t h i c k n e s s  and a r e a l  e x t e n t  of minable  
c o a l  r e s o u r c e s .  Y i t h i n  t h e  s t u d y  a r e a ,  
t h e  Har t shorne  Formation has been sub-  
d i v i d e d  ( i n f o r m a l l y )  by McDaniel ( 2 4 )  i n -  
t o  a lower sands  tone and coalbed member, 
r e p r p s e n t s  widespread prodt:l t a  and d e l t a -  
f r o n t  s h a l e  and s a n d s t o n e  f a c i e 5  capped 
by t h i c k  [30 m ( 9 1  f t ) ] ,  l i n e a r  [ Z - 4  km 
(1-2 m i )  wide,  48-64 km (30-10 mi) l o n g ]  
d i s  t r i  bu ta ry  channe l  sands  tone f a c i e s  
which i n t e r f i n g e r  Latera l - ly  wl t i 1  t h i n n e r  
i n t - e r d i s t r i b u t a r y  bay f a c i e s  ( f i g .  6 ) .  
Paleocul- rent  <inalysc_js i n d i c a t e  t h a t  t h e  
d i r e c t i o n  of sediment- t r a n s p o r t  i n  t h e  
d e l t a  corn~)lex w , 4 s  f r a n  eas t  t o  s o u t  hwes t 
and  upper sands  tone and coa lbed  member ( 1 5 ) .  
-*- 
( f i g .  5 ) .  The Lower Har t shorne  member 
- Unnamed- 
cou l bed 
Upper 
Hclrtshorne -- 
Cool bed \ Lober 
j i ~ k h o r n e  
Qwled --b 
FIGIIRF 7 G e n e r a l ~ z e d  s t r a t ~ ~ r a ~ h ~ c  cross  s o c t ~ o ; i  o f  the H:J, t 5 i l c , t i 1 ~ :  F o ~ I ! ~ u ~ I L ' ~ ~ ,  :vestern Atkoma 
Bas~r;. 
KEY MAP 
LEGEND 
0 to 10 m ( O  t o 3 0  f t )  
a 10 to  20 m ( 3 0  to 61 f t )  
2 0 t o 3 0 m ( 6 1 t o 9 1 f t )  
&@ >30 rn(>91 f t )  
Direction of sediment transport 
0 6 I2 mi 
Srflle 
FIGURE 6. L o w c r  Hclrlstior~ic Sc~rr~istocic r t g~ono l  I ~ Y  l t I ~  mop. 
< ; 4 
'. 
-- 
Garnmo ray' 
K E Y  
Cool 
Sandstone 
Shale 
~lts tcrne 
T n f r ~ r m a t i o n  f rom g e o p h y s i c a l  g a s  w e l l  I ~ o r r e s p o r ~ d ~ r q  
ilPl~oS~'local . i C J P O P ~ I ) I S . T ~  I w?s used  f o r  s t r a t i g r a p h i c  c o r r e -  
&?!~:!~.~!?~?!-~__ir~2~~"'~--- L o t i o n s  and l i t h u l . n g i c  i d c r l t i f i c a t i o n  
t i .  7 ) .  S ~ I - a t i ~ r a p h i c  ci-oss  s e c t i o n s  
I ( f i K F  . 8-10) were c o n s t  r u r t  ed  from gamma 
- - --- l
I r a y ,  spontaneous p o t e n t i a l .  and r e s i s t i v -  
_< -I i t  v Logs. Tlie  l o c a t  i-nris ot' t h e s e  c r o s s  
j s e c - t i o n s  a r e  shown i n  f i e l l re  11. C r o s s  s c r t i o n s  a r e  ~ 0 1 1 s i r i ~ c t ~ : I  r3c.1 p e n d i c u l a r  t o  
i t h e  t r e n d  of t h e  Lineal-  " s h o e s t r i n g "  d i s -  
'\ t r i b u t a r y  c h a n n e l  s i lndsf  c,rlps. H l ~ i k  40 I ? , + {  
3 The e n t i  r e  Hart  s h o r ~ l e  Format ion  t h i c k -  < e n s  f rom n o r t h w e s t  t o  s o u t l ~ ~ a s t  a c r o s s  
i t h e  s t u d y  a r e a  as  i n d i c a t e d  by t h e  c r o s s  sec : ions  ( f i g s .  8-10). The H a r t s h o r n e  Coal b ~ d  s p l i t s  a l o n g  t h i s  t r e n d  i n t o  a n  
u p p e r  a n d  lower  coa lbed .  Four ma jo r  
c h a n n e l  d e p o s i t s  were  r e c o g n i z e d  i n  t h e  
Lower I l a r t s h o r n e  member and one  ma jo r  
c h a n n e l  d e p o s i t  i n  t h e  Upper H a r t s h o r n e  
member. The. p e r c e n t a g e  of  s a n d s t o n e  i n  
t h e  Tower t i a r t s h o r n e  member i n c r e a s e s  t o  
t h e  s o r ~ t l i e a s t .  I n  c o n t r a s t ,  t h e  Upper 
FIGURE 1. - Exatnp!e of t i ~ ~ o ~ 1 1 1 0 1 1 r i l  e r i v ~ r c ~ ~  HarLshorrie member c o n t a i  11s j t s  g r e a t e s t  
p e r c e a t a g e  of sands tor le  directly t o  t h e  
merit and  I ~ t l i o l o ~ ~  ~ d e r ~ t l f ~ r o t l o ~ ~  froiil q e c p \ ~ y < ~  
s o c t h e a s t  of t h e  c o a l - s ~ l  i i  l i n e  i n  t h e  
C O I  log r e s r o l ~ ~ ~ ‘ ~ .  c.ek~:er oT t h e  basin ( f i g .  1;). 
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FIGURE 11. - Location of stratigraphic cross sections. 
These d i s t r i b u t a r y  channel d e p o s i t s  
d i r e c t l y  a f f e c t  t h e  t h i cknes s  and a r e a l  
e x t e n t  of t h e  Hartshorne Coalbeds. 
Areas  of t h i c k  Lower Hartshorne Sandstone 
[ f i g ,  13 (envelope)]  co inc ide  wi th  a r e a s  
of  t h i n  o r  absent  Hartshorne (undivided) 
and Lower Hartshorne c o a l  ( f i g .  3 ) .  
S i m i l a r l y ,  a r e a s  of t h i c k  Upper Hart- 
shorne  Sandstone [ f i g .  14 (envelope)]  co- 
i n c i d e  with a r e a s  of t h i n  o r  absent  Upper 
Hartshorne c o a l  ( f i g .  4). General ly ,  
wherever t h e  sandstone i s  more than  20 m 
(61  f t )  t h i c k ,  t h e  over ly ing  coalbed i s  
t o o  t h i n  t o  mine economically. This as- 
s o c i a t i o n  of t h i c k  sandstone with t h i n  
ove r ly ing  c o a l  sugges ts  t h a t  sand bodies 
a c t e d  a s  topographic  highs upon which 
t h i c k  peat  could no t  accumulate i n  Hart- 
shorne coa l  swamps (14) .  
- 
Addi t i ona l ly ,  a r ea s  of t h i c k  Upper 
Hartshorne Sands tone ( f i g .  14) commonly 
co inc ide  wi th  a r ea s  of t h i n  o r  absent  
Lower Hartshorne coa l  ( f i g .  3 ) .  House- 
knecht and Iannacchione (14) have sug- 
ges ted  t h a t  t h e  lower 1 o r  more 
l i k e l y  i t s  pea t  p recursor ,  was eroded 
by d i s t r i b u t a r y  channel processes  p r i o r  
t o  depos i t i on  of t h e  t h i ck  upper sand. 
Because of t he se  r e l a t i o n s h i p s ,  a r e a s  
with few dens i ty  logs a s s o c i a t e d  wi th  
t h i c k  sandstone [20  m (61 f t ) ]  were con- 
s ide red  t o  have uneconomic t h i cknes se s  of 
coa l .  
FIGURE 12. - Upper tiartshorr!e Sandstone regional iso l i th  map. 
> l E T W E  CONTENT OF THE HARTSHOKNE CCALBEDS 
The H a r t s h o r n e  Coalbeds  o f  Oklahoma 
are among t h e  most g a s s y  c o a l b e d s  i n  t h e  
U n i t e d  S t a t e s .  I n v e s t i g a t i o n  of inethane 
c o n t e n t  a i d s  i n  e s t a b l i s h i n g  t t ic  s a f e t y  
h a z a r d s  f o r  f u t u r e  underground mines and 
a l s o  d e l i n e a t e s  t h e  p o t e n t i a l  f o r  a  p r o f -  
i t a b l e  ene rgy  r e s o u r c e .  Th ick  ove r -  
b u r d e n  [ 0  t o  1 ,500  m ( 0  t o  460 f t ) ]  and 
r e l a t i v e l y  h i g h  r a n k  ( h i g h - v o l a t i l e  C t o  
h i g h - v o l a t i l e  A b i t u m i n o u s )  a r e  t h e  two 
mos t  s i g n i f i c a n t  f a c t o r s  a f f e c t i n g  h i g h  
methane  c o n t e n t .  Methan? r e s o u r c e s  were  
e s t i m a t e d  by c a l c u l a t i n g  t h e  amount of 
c o a l  i n  p l a c e  a t  v a r i o u s  ove rburden  i n -  
t e r v a l s  and  m u l t i p l y i n g  t h i s  f i g u r e  by 
t h e  e s t i m a t e d  methane c o n t e n t .  
VARIATION OF METHANE CONTENT WITH 
OVEKBURDEN AND KANK 
H a r t s h o r n e  c o a l - c o r e  d e s o r p t i o n  samples  
( t a b l e  2) were c o i l e c t e d  t h r o u g h o u t  t h e  
Oklahoma p o r t i o n  o f  t h e  Arkoma B a s i n  
( f i g .  15) .  Depths of samples  r anged  f rom 
53  t o  439 m ( 1 7 5  t u  1 ,439  f t ) .  Coal  r a n k  
v a r i e d  f rom h i g h - v o l a t i l e  C t o  low- 
v o l a t i l e  b i tuminous  f rom w e s t  t o  e a s t  
a c r o s s  t h e  Oklahoma p o r t i o n  of t h e  b a s i n  
( f i g .  16 ) .  The mezhane co i l t en t  of e a c h  
sample  was d e t e r m i n e d  7lsir:g t h e  Bureau of 
Miries d i r e c t  method t e s t  as d e s c r i b e d  by 
Diamond and Lev ine  ( 5 ) .  Gas c o n t e n t  of 
t h e  samples  r a n g e s  fFom 2.5 t o  17.5 cm3/g 
(80 t o  560 f t 3 : ~ ) .  The r e l a t i o n s h i p  
among o v e r b u r d e n ,  r a n k ,  and methane con- 
t e n t  i s  shown g r a p h i c a l l y  i n  f i g u r e  1 7 .  
La rge  v a r i a t i o n s  i n  ove rburden  [ f i g .  18 
( e n v e i o p e ) ]  and r a n k  ( f i g .  16) i n d i c a t e  a 
need t o  e s t ima t - e  methane c o n t e n t  f o r  s ep -  
a ra te  ove rburden  i n t e r v a l s  of d i f f e r -  
e n t  r ank  c o a l s .  Methane c o n t e n t  h a s  
 bee:^ o b s e r v e d  t o  i n c r e a s e  e x p o n e n t i a l l y  
w i t h  i n c r e a s i n g  ove rburden  (2). Rank 
a l s o  i n f l u e n c e s  methane c o n t e n t .  The 
amount of methane e v o l v e d  d u r i n g  c o a l i f i -  
c a t i o n  and t h e  a b i l i t y  of  c o a l  t o  s t o r e  
methane i n c r e a s e s  a s  r a n k  i n c r e a s e s  
TABLE 2. - Hartshorne coal-core desorption analysis 
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FIGURE 15. - L o c a t  ion o f  Hartshorne coa I-core desorpt ion samples.  
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FIGURE 16. - R t9 ior :o l  r i l n k  mop  of Hartshorne Coalbeds. 
( 2 9 ,  32).  These phenomena have been 
o b s e r v a  i n  t h i s  s t u d y .  Five  desorp- 
t i o n  samples (14-15, 17-19; t a b l e  2)  of 
v a r i o u s  ranks  c o l l e c t e d  from d e p t h s  rang- 
i n g  froin 236 t o  278 m ( 7 7 5  t o  913 f t )  
have a  methane c o n t e c t  f rom 8.3 t o  16.8 
cm3/g (237 t o  538 f t 3 / ~ ) .  The two high- 
v o l a t i l e  A bituminous samples (18-19; t a -  
b l e  2)  have an average  methane c o n t e n t  of 
8.7 c m 3 / ~ ) ,  w h i l e  t h e  t h r e e  l o w - v o l a t i l e  
b i tuminous  samples (14-15, 17;  t a b l e  2 )  
have a  much h i g h e r  average  of 14.7 cm3/g 
(470  f t 3 / ~ ) .  
An e s t i m a t e  of t h e  change i n  methane 
c o n t e n t  ve r sus  dep th  must be made on 
c o a l s  of s p e c i f i c  rank.  I n c l u s i o n  of a l l  
t h e  d a t a  i n  t a b l e  2 ,  t h e n ,  would be i n -  
a p p r o p r i a t e  t o  e s t i m a t e  methane c o n t e n t  
f o r  c o a l  of s e v e r a l  d i f f e r e n t  ranks .  
S i x t e e n  d e s o r p t i o n  samples were from c o a l  
of  l o w - v o l a t i l e  r a n k ,  one from medium- 
v o l a t i l e  r ank ,  and two from h i g h - v o l a t i l e  
A bituminous rank. Ac tua l  d a t a  were 
adequa te  t o  e s t i m a t e  methane c o n t e n t  of 
t h e  l o w - v o l a t i l e  b i tuminous  c o a l s .  Be- 
cause  t h e r e  were on ly  two samples  of 
h i g h - v o l a t i l e  A bituminous c o a l ,  a  model 
was used t o  e s t i m a t e  methane c o n t e n t  of 
t h e  h i g h - v o l a t i l e  A bituminous rank c o a l  
i n  t h e  s t u d y  a r e a .  
K i m  (21)  developed a g e n e r a l  model t o  
e s t i m a t e  t h e  methane c o n t e n t ,  which 
i n c l u d e s  c o r r e c t i o n s  f o r  m o i s t u r e ,  a s h ,  
and rank a s  a f u n c t i o n  of d e p t h  (appen- 
d i x ) .  The r e l i a b i l i t y  of u s i n g  t h i s  
model t o  e s t i m a t e  t h e  methane c o n t e n t  of 
t h e  Har t shorne  Coalbeds was s t a t i s t i c a l l y  
e v a l u a t e d  u s i n g  t h e  16 l o w - v o l a t i l e  b i -  
tuminous d e s o r p t i o n  samples.  Because t h e  
a v e r a g e  d i f f e r e n c e  between t h e s e  desorp-  
t i o n  samples and K i m ' s  estimates was 
s t a t i s t i c a l l y  i n s i g n i f i c a n t  ( l e v e l  of 
s i g n i f i c a n c e  i s  0.61),  t h e  model was 
assumed t o  be a n  unbiased e s t i m a t o r  of 
methane c o n t e n t .  The model e x p l a i n e d  
s l i g h t l y  more t h a n  60 p c t  of t h e  t o t a l  
DEPTH, f t  
I 6? 500 1,000 
DEPTH, m 
14 
0 2 
E 
0 
+- 10- 
z 
w 
- - I I  
--- 
2- /-- 
/# 
~ ~ 9 5  pct lower confidence level 
I 0 1) I I I I 1 I 
FIGURE 20. - Changes in  estimated and observed methane contents versus depth for h igh-vo la t i le  A 
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OF THE HARTSHORNE COALBEDS dens g r e a t e r  t h a n  t h i s  a r e  not  cons idered  
p o t e n t i a l  mining s i t e s .  Table 4 l i s t s  
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The Hartshorne Coalbeds of P i t t s b u r g ,  t h e  methane p o t e n t i a l  f o r  Har t shorne  
Coal ,  Hughes, and Atoka Count ies  a r e  Coalbeds a t  v a r i o u s  overburden i n t e r v a l s  
e s t i m a t e d  t o  c o n t a i n  9.2 b i l l i o n  m3 w i t h i n  t h e  s tudy  a rea .  The most n o t a b l e  
(325 b i l l i o n  f t 3 )  of methane. Th is  i s  a s p e c t  of t a b l e  4 i s  t h a t  62 pc t  [5.8 
a c o n s e r v a t i v e  e s t i m a t e  because i t  in -  b i l l i o n  m3 (201 b i l l i o n  f t 3 ) ]  of t h e  to- 
c l u d e s  only  c o a l  of minable t h i c k n e s s  t a l  r e s o u r c e s  occur  between 600 t o  900 m 
[>71  cm 0 2 8  i n )  and (900 m ((3,000 f t )  (2 ,000 t o  3,000 f t ) .  
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TABLE 4. - Methane r e s o u r c e s  a t  v a r i o u s  overburdens ,  Har tshorne Coalbeds 
0.269 1 2 0 0  z Estimated (;I= -0 .785 - 0.001 h 4.962 h I- x w h-Depth, m w 2 
cm3/g 
0 t o  305............. 7.1 0 0.4 0.7 1.1 
305 t o  610........... 9.8 . 9 . 7 .7 2.3 
610 t o  914........... 11.3 2.0 2.1 1.7 5.8 
T o t a l  o r  average. .  9.4 2.9 3.2 3.1 9.2 
Overburden, m 
s o u r c e ,  p c t  
12 
26 
62 
100 
Methane 
c o n t e n t ,  1 
Est imated r e s o u r c e ,  b i l l i o n  m3 
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FIGURE 17. - Relationship of Hartshorne c o a l  overburden, rank, and methane content. 
v a r i a n c e  i n  t h e  obse rved  methane con- v a r i a n c e  t h a t  was found between t h e  e s t i -  
t e n t s ,  The r ema in ing  u n e x p l a i n e d  v a r i -  mated and obse rved  l o w - v o l a t i l e  b i tumi -  
a n c e  was g r a p h i c a l l y  d e p i c t e d  i n  t h e  con.- nol.is c o a l  d e s o r p t i o n  samples ,  It s h o u l d  
f i d e n c e  i n t e r v a l  shown i n  f i g u r e  19. 
T h i s  c o n f i d e n c e  i n t e r v a l  e s t i m a t e s  t h e  
p r e c i s i o n  of t h e  model b e c a u s e ,  o v e r  re- 
p e a t e d  s a m p l e s ,  i t  w i l l  i n c l u d e  t h e  t r u e  
methane  c o n t e n t  95 p c t  of  t h e  t ime.  
The a v a i l a b i l i t y  of o n l y  two high-  
v o l a t i l e  A b i tuminous  d e s o r p t i o n  samples  
p r e c l u d e d  d i r e c t  compar ison of o b s e r v e d  
and e s t i m a t e d  d a t a .  T h i s  p r e v e n t e d  t h e  
u s e  of  s t a t i s t i c a l  a n a l y s i s  t o  d e t e r m i n e  
t h e  r e l i a b i l i t y  of K i m ' s  model d i r e c t l y  
f o r  h i g h - v o l a t i l e  b i tuminous  H a r t s h o r n e  
c o a l .  F i g u r e  20 shows t h e  r e l a t i o n s h i p  
be tween t h e  obse rved  and e s t i m a t e d  g a s  
c o n t e n t s  of h i g h - v o l a t i l e  A b i tuminous  
H a r t s h o r n e  c o a l .  The c o n f i d e n c e  i n t e r -  
v a l s  shown i n  f i g u r e  20 a r e  based  on t h e  
be n o t e d  h e r e  t h a t  Kim r e c o g n i z e d  t h a t  
v a l u e s  c a l c u l a t e d  f rom t h e  model were 
c o n s i s t e n t l y  h i g h  f o r  s e v e r a l  o b s e r v e d  
h i g h - v o l a t i l e  b i tuminous  c o a l s  f rom ba- 
s i n s  w i t h i n  t h e  Uni ted  S t a t e s  where t h e  
p r e s s u r e  i s  known t o  be l e s s  t h a n  hydro- 
s t a t i c  ( 2 1 ) ,  The Arkoma b a s i n  i s  n o t  
one of t h e s e  low h y d r o s t a t i c  p r e s s u r e  
b a s i n s .  Kissell ( 2 2 )  h a s  shown t h e  Har t -  
s h o r n e  i s  c o m p a r x l e  t o  n i g h - p r e s s u r e  
c o a l b e d s  l i k e  t h e  Mary Lee and Pocahon tas  
( t a b l e  3) .  T h e r e f o r e ,  K i m ' s  model s h o u l d  
n o t  o v e r e s t i m a t e  t h e  methane c o n t e n t  f o r  
t h e  h i g h - v o l a t i l e  b i tuminous  H a r t s h o r n e  
c o a l s .  For t h e s e  r e a s o n s  i t  is  f e l t  t h a t  
K i m ' s  model h a s  a l lowed  f o r  t h e  most ac-  
c u r a t e  e s t i m a t e  a v a i l a b l e ,  
TABLE 3. - Gas p r e s s u r e s  f rom v a r i o u s  c o a l b e d s  i n  t h e  Un i t ed  S t a t e s  ( 2 1 )  
-
FIGURE 19. - Changes i n  estimated and observed methane contents versus depth for low- 
volat i le  bituminous Hartshorne coal .  
Coalbed 
........... P i t t s b u r g h . . .  
DO.................... 
DO.................... 
Lower Har tshorne . . . . . . . .  
DO.................... 
Pocahon tas  No. 3........ 
Do.................... 
Mary Lee................ 
C a s t l e g a t e  Subseam No. 3 
I l l i n o i s  No. 6.......... 
L o c a t i o n ,  coun ty  
and S t a t e  
Marion,  WV.......... 
Monongalia,  WV....., 
Washington,  PA...... 
Le F l o r e ,  OK..... . . .  
H a s k e l l ,  OK.... . . . . .  
Wyoming, WV......... 
Buchanan, VA.... . . . .  
J e f f e r s o n ,  AL....... 
Carbon,  UT.......... 
J e f f e r s o n ,  IL....... 
Measured 
p r e s s u r e ,  
Pa 
1 , 1 5 8  
1 ,724  
1 ,007 
1 ,744  
4 ,620  
1 ,089 
3 ,999 
2 ,730 
1 ,834  
827 
Depth of  b a s e  
of  c o a l ,  m 
283 
244 
137 
174 
430 
233 
43 1 
320 
299 
224 
The e s t i m a t e d  methane r e s o u r c e s  of 9.2 
b i l l i o n  m3 (325  b i l l i o n  f t 3 )  r e p r e s e n t  
o n l y  one - four th  of t h e  t o t a l  e s t i m a t e d  
methane r e s o u r c e  f o r  Le FLore and l i a s k e l l  
C o u n t i e s ,  OK ( 1 8 ) .  The c o n s i d e r a b l e  d i f -  
f e r e n c e  i n  r e s o u r c e  e s t i m a t i o n s  i s  proba- 
b l y  due  t o  t h e  f o l l o w i n g :  
1.  C o n s e r v a t i v e  t h i c k n e s s  e s t i m a t i o n  
f rom d e n s i t y  l o g s  i n  t h e  w e s t e r n  p o r t i o n  
of  t h e  Arkoma Bas in  compared w i t h  more 
a c c u r a t e  c o a l - c o r e  t h i c k n e s s  d a t a  i n  t h e  
e a s t e r n  p o r t i o n  of t h e  Arkoma Basin .  
OCCUKKENCE O F  L\tATUW GAS 
P r e v i o u s  s e c t i o n s  have p r o v i d e d  d a t a  
e s t a b l i s h i n g  t h e  h i g h  methane c o n t e n t  of 
t h e  Har tsherne Coalbeds and i n d i c a t e  a  
p o t e n t i a l  f o r  haza rdous  methane e m i s s i o n s  
i n  underground workings  and a  p o t e n t i a l  
f o r  commercia l  g a s  p r o d u c t i o n .  Compli- 
c a t i n g  t h e  e m i s s i o n s  and p r o d u c t i o n  prob- 
lems a r e  t h e  c l o s e l y  a s s o c i a t e d  n a t u r a l  
g a s  f i e l d s  i n  t h e  l i a r t s h o r n e  Sands t o n e s  
( 1 7 ) .  I n  t h i s  s e c t i o n ,  t h e  l o c a t i o n  
of g a s  f i e l d s  i n  t h e  H a r t s h o r n e  Sand- 
s t o n e s  w i l l  be d i s c u s s e d ,  t h e  s i u i l a r i -  
t i e s  and  d i f f e r e n c e s  between c o a l b e d  g a s  
and n a t u r a l  g a s  w i l l  be c h a r a c t e r i z e d ,  
t h e  p o s s i b i l i t y  of communication between 
t h e s e  two r e s e r v o i r  r o c k s  w i l l  be i n v e s -  
t i g a t e d ,  and t h e  a d v e r s e  e f f e c t s  t h e s e  
g a s  f i e l d s  w i l l  have on underground meth- 
a n e  d r a i n a g e  t e c h n i q u e s  and p lacement  of 
v e r t i c a l  methane d r a i n a g e  w e l i s  w i l l  be 
d e t e r m i n e d .  
LOCATION UP NATUW GAS FIELDS 
The H a r t s  ho rne  Sands t o n e  of Oklahoma 
h a s  been p roduc ing  commercial  q u a n t i t i e s  
o f  n a t u r a l  g a s  s i n c e  t h e  e a r l y  1900 ' s .  
The Poteau-Gilmore and Cameron g a s  f i e l d s  
were among t h e  f i r s t  g a s  f i e l d s  d i scov-  
e r e d  i n  Oklahoma. I n  t h e  e a r l y  1930 ' s  
t h e  Qu in ton  g a s  f i e l d  became a  p r o l i f i c  
p roduce r .  The Ashland,  South  P i n e  Hol- 
l ow,  and Centrahoma g a s  t i e l d s  became 
more prominent  i n  t h e  l a t e  1960 ' s  and 
e a r l y  1970 ' s .  The l o c a t i o n s  of t h e s e  g a s  
f i e l d s  a r e  shown i n  f i g u r e  21. Plost of 
t h e s e  g a s  f i e l d s  a r e  l o c a t e d  a l o n g  t h i c k  
t r e n d s  of Upper a n d / o r  Lower H a r t s h o r n e  
Sands tone .  Thick  Upper H a r t s h o r n e  Sand- 
s t o n e  o c c u r s  w i t h i n  t h e  Cameron g a s  
f i e l d .  Thick  Lower H a r t s h o r n e  Sands tone  
2. A t  s i m i l a r  d e p t h s ,  h i g h - v o l a t i l e  
b i tuminous  c o a l s  of t h e  w e s t e r n  p o r t i o n  
of  t h e  b a s i n  have  approx ima te ly  3  t o  
5  cm3/g (96  t o  160 f t 3 / T )  l e s s  methane 
t h a n  l o w - v o l a t i l e  b i tuminous  c o a l s  of t h e  
e a s t e r n  p o r t i o n  of t h e  b a s i n .  
3. The H a r t s h ~ r n e  c o a l  i n  approximate-  
l y  one-half  of t h e  s t u d y  a r e a  i n  t h e  
w e s t e r n  p o r t i o n  of t h e  b a s i n  i s  a t  d e p t h s  
g r e a t e r  t h a n  900 m ( 3 , 0 0 0  f t ) ,  and h a s  
n o t  been i n c l u d e d  i n  t h i s  e s t i m a t e .  
I!i THE HAKTSEOEWE FOEU.lATION 
i s  a s s o c i a t e d  w i t h  t h e  Poteau-Gilmore,  
Quinton,  Carney,  F e a t h e r s t o n - B l o c k e r ,  and 
Centrar~oma g a s  f i e l d s .  I n  t h e  Red Oak- 
N o r r i s ,  South  P ine  Hollow, and Ashland 
g a s  f i e l d s ,  p r o d u c t i o n  has  o c c u r r e d  from 
b o t h  Upper and Lower ~ a r t s h o r n e  Sand- 
s t o n e s .  b!ost of t h e  H a r t s t ~ o r n e  Sands tone  
g a s  f i e l d s  a r e  combina t ion  ( s t r a t i g r a p h i c  
and s t r u c t u r a l )  t r a p s .  The Ashland and 
Quinton g a s  f i e l d s  a r e  f l a n k e d  by l a r g e -  
s c a l e  t a u l t s .  
CHAUCTERISTICS O F  COALBED 
AKD SAlJLSTOSE NATURAL GAS 
I d e n t i f i c a t i o n  of d i s t i n c t i v e  cha rac -  
t e r i s t i c s  of c o a l b e d  and s a n d s t o n e  na tu -  
r a l  g a s  w i l l  a i d  i n  d e t e r m i n i n g  t h e  
e x t e n t  of communication between t h e s e  
r e s p e c t i v e  g a s  r e s e r v o i r  rocks .  Pre l im-  
i n a r y  a n a l y s i s  o r  some p h y s i c a i  and chem- 
i c a l  c h a r a c t e r i s t i c s  of g a s  samples  c o l -  
l e c t e d  from c o a l b e d s  and s a n d s t o n e s  i n  
t h e  h a r t s h o r n e  Format Lon have d i s p l a y e d  
d i s t i n c t i v e  t r e n d s .  i t  i s  hoped t h e s e  
t r e n d s  can  a i d  i n  i d e n t i f y i n g  s i n i l a r i -  
t i e s  and d i f f e r e n c e s  between unconven- 
t i o n a l  c o a l b e d  g a s  and c o n v e n t i o n a i  sand- 
s tGne g a s .  Twenty-six samples  ( t a b l e  5)  
were c o l l e c t e d  from e i g h t  H a r t s h o r n e  
Sands tone  gas  f i e l d s  and e i g h t  s amples  
were c o l l e c t e d  from t h e  H a r t s h o r n e  Coal- 
beds ( t a b l e  6 ) .  Analyses  c o n s i s t  of s t a -  
b l e  c a r b o n  i s o t o p e  r a t i o  of methane g i v e n  
i n  6C13 p e r  m i l  ( p a r t s  p e r  thousand  d e v i -  
a t i o n  f rom t h e  PUB s t a n d a r d )  and c h e m i c a l  
a n a l y s i s  i n  p e r c e n t a g e s .  Also  t h e  meth- 
a n e  p r o p o r t i o n  of t o t a l  hydroca rbons  ( C 1 /  
C - 4 )  was c a l c u l a t e d  f o r  a l l  samples  
ana lyzed .  
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TABLE 6. - H a r t s h o r n e  Coalbeds gas  a n a l y s i s  
Sam- Coalbed Township 
p l e  / 1 and range  
1 ..do ..... 121 T5N R l 6 E  8 
ND Not determined.  
----------- 
A n a l y s i s ,  p c t  
------- 
- - -  ----I - - - - --- - -" Carboil Fixed i s o t o p e  of , a r k  cavbun,3 
pcc 
-38 
ND 999 3 79.0 
N D 
-44 
84.0 
-56 
-55 59.9 
' o t h e r  hydrocarbons .  
2 ~ ~ ~ ,  l o w - v o l a t i l e  bi tuminous c o a l ;  M V B ,  medium-volati le  bi tuminous c o a l ;  H V A B ,  
h i g h - v o l a t i l e  A bi tuminous  coa l .  
3 ~ e r c e n t  m o i s t u r e  and m i n e r a l  m a t t e r  f r e e .  
Coalbed g a s  has  a very  h i g h  p e r c e n t a g e  
of  methane and very  low p e r c e n t a g e s  of 
a l l  t h e  o t h e r  hydrocarbons  ( 1 .  The 
methane p r o p o r t i o n  (C1/C1-,, t a b l e  6 )  of 
t h e  coa lbed  gas  w a s  found t o  be c o n s i s t -  
e n t l y  i n  t h e  99-pct r ange ,  independent  of 
r a n k  changes ( f i g .  2 a ) .  The s t a b l e  ca r -  
bon i s o t o p e  r a t i o  of methane was found t o  
range  from -38 p e r  mil  (6C13) i n  t h e  
e a s t e r n  p o r t i o n  of t h e  Okl.?hom Arkoma 
Basin  t o  -56 pe r  m i l  ( J C ! 3 )  i n  t h e  West- 
e r n  p o r t i o n  of t h e  b a s i n  (compare t a b l e  
6 w i t h  f i g u r e  21) .  With t h e  e x c e p t i o n  
of sample 6 ( t a b l e  5 ) ,  t h e  coalbed gas 
samples become i s o t o p i c a l l y  1 i g h t e r  t o  
t h e  west .  The coalbed methane i s  iso-  
t o p i c a l l y  l i g h t e r  a s  t h e  c o a l  decreases  
i n  rank ( l e s s  c o a l i f i c a t i o n )  t o  the 
I 
LEGEND 
--. 
- Locilt~cn df gasf~elds In the Hartshorne 
(---'-' Sandstonfs 
Locatlon of gas wells from wh~ch gas sornples 
werp collected for  ar~olys~s 
Scale 
FIGURE 21. - Location of naturul gas fields in  Hartshorne Sandstones. 
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il, Changes in rrlethone prcpCrs cr.  versvs rank, (:, 
changes in  carbon isotope r o t i c s  cf  methane versLls 
rank; / ,  changes i n  curbon ,s>rope r a t ~ o s  of meth- 
one versus methune proportron. 
wes t  ( f i g .  16).  T h i s  r e l a t i o n s h i p  im-  
p l i e s  t h a t  t h e  ca rbon  i s ~ t o p e  r a t i o  of 
met.hane i s  dependent on rank  of a s s o c i -  
a t e d  c o a l  ( f i g .  2 2 ~ ) .  There  does  n o t  
a p p e a r  to be any re l i i tLor iship  between 
ca rbon  i s o t o p e  v a l u e s  and methane propor- 
t i o n  of  coa ibed  g a s  ( f i g .  2 2 ~ ) .  
N a t u r a l  g a s  f rom t h e  Har t shorne  Sand- 
s t o n e  d i s p l a y s  c o r s i d e r a b l z  v a r i a t i o n  i n  
t h e  c a r b o n  i s o t o p e  r a t i o  of  methane and 
t h e  methane p r o p o r t i o n  ( t a b l e  5) .  Varia-  
r i o u s  i n  t h e s e  physics; and chemica l  
c h a r a c t e r i s t i c s  of n a t u r a l  g a s  a r e  proba- 
b l y  r e l a t e d  t o  changes i n  rank of t h e  
a s s o c i a t e d  c o a l  ( f i g s .  23.4-2313). As rank 
of  c o a l  i n c r e a s e s  from w e s t  t o  e a s t  
a c r o s s  t h e  Oklahoma p o r t i o n  of t h e  Arkoma 
B a s i n ,  t h e  carbon t a o t o p e  r a t i o  o f  meth- 
ane  becomes l i g h t e r  and t h e  methane pro- 
p o r t i o n  i n c r e a s e s  ( f i g .  2 3 ~ ) .  Analyses  
o f  samples trorn s a r ~ d s t o n e  g a s  w e l l s  ind i - -  
c a t e  t h a t  carbon i s o t o p e  v a l u e s ,  methane 
p r o p o r r i o n ,  and rank  a r e  i n t e r r e l a t e d .  
0: 
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. I, Chunges i n  methorie prspor t ion versus rank; I : ,  
changes In  carbon isotope ra t ios  o f  methane versus 
rank, / ,changes i n  carbon isotope r a t ~ o s  of methane 
versu5 r n ~ t b a n d  p r o ~ o r t i o n .  
Two t r e n d s  c o r r e l a t e d  w i t h  t h e  L e s t  t o  
e a s t  i n c r e a s e  i n  rank a c r o s s  t h e  Oklahoma 
p o r t i o n  of t h e  Arkoma Basin a r e  recog- 
n ized :  Methane gas  becomes i s o t o p i c a l i y  
h e a v i e r  i n  bo th  c o a l  and c o n v e n t i o n a l  
n a t u r a l  g a s  and methane p r o p o r t i o n  of 
c o n v e n t i o n a l  n a t u r a l  g a s  i n c r e a s e s  a t  t h e  
expense  of h e a v i e r  hydrocarbons .  P rev i -  
ous  i n v e s t i g a t i o r l s  (2, -2z, - 31) have ailf~ic:: 
a r e l a t i o n s h i p  between st<rb!e carbci:. %so- 
t o p e  r a t i o  of ne t ' l ane  3t1Ci me: t1;1112 propot -- 
t i o n  w i t l l  i n c t  rlasc.s i n  t.l~~r.;lai ;~vat;:rat i <)iT 
(ana logous  co increases  i n  rank: .  Thesz 
Lrends o n l y  app ly  f o r  o r g s n i n  r a t t e r  s s -  
s o c i a t e d  w i t h  c o a l  r a n k i n g  h i g h e r  t h a n  
h i g h - v o l a t i l e  b i tuminous .  
The great s i m i l a r i t y  i n  p h y s i c a l  and  
chemica l  a n a l y s e s  of Har t shorne  Coaihed 
and c o n v e n t i o n a l  n a c u r a l  g a s  from e a s t e r n  
p o r t i o n s  of t h e  b a s i n  l e a d s  t o  a t  l e a s t  
two p o s s i b l e  e x p l a n a t i o n s  f o r  t h e  o r i g l n  
of t h e  gas .  Large q u a n t i t i e s  o f  predom- 
i n a n t l y  mcthace g a s  were g e n e r a t e d  by t h e  
c o a l  a s  c o a l i f i c a t i o n  occur red  ( i n c r e a s e  
i n  t h e  rank of cual!. 50 much methane 
w a s  g e n e r a t e d  I n  t h e  advance s t d g e s  of 
c o a l i f i c a t i . o n  (medium- t o  l o w - v o l a t i l e  
b i tuminous  c o a l  r a n k s )  t h a t  gas migra ted  
f rom t h e  coa lbed  i n t o  t h e  su r round ing  
s a n d s  tones .  
J u n t g e n  and Karweil  (2) h a v e  show11 
t h a t  c o a l  r e t a i n s  o n l y  a f r a c t i o n  of t h e  
methane g e n e r a t e d  d u r i n g  c o a l i f i c a t i o n .  
The o t h e r  e x p l a n a t i o n  wouiO i n v o l v e  phys- 
i c a l  and chemica l  f r a c t i o n a t i o n  of g a s  
g e n e r a t e d  from any number of s o u r c e  
rocks .  These g a s e s ,  v a r i a b l e  i n  p h y s i c a l  
and chemical  c h a r a c t e r i s t i c s  a t  Lower 
s t a g e s  of c o a l i f i c a t i o n  ( n i g h - v o i a t i i e  
b i tuminous  c o a l  r a n k ) ,  became bo th  i s o -  
t o p i c a l l y  h e a v i e r  and i n c r e a s e d  i n  meth- 
a n e  p r o p o r t i o n  w i t h  i n c r e a s i n g  c o a l i f i c s -  
t i o n  (medium- t o  l o w - v o l a t i i e  biruminous 
c o a l  r a n k ) .  These a l t e r n a t i v e s  e x p l a i n  
t h e  s i m i l a r  heavy carbon i s o t o p e  v a l u e s  
and t h e  l a c k  of h e a v i e r  hydrocarbons  i n  
t h e  Poteau-Gilmore and Cameron gas  f i e l d s  
o f  Le F l o r e  County. 
The l a r g e  v a r i a t i o n s  i n  p h y s i c a l  and 
chemica l  c h a r a c t e r i s t i c s  of gas  r ecovered  
from Har t shorne  Coalbeds and Sandstone i n  
t h e  w e s t e r n  p o r t i o n  of t h e  b a s i n  m y  be 
t i le  r e s u l t  of d i f f e r e n c e s  i n  t h e  o r g a n i c  
s o u r c e  m a t e r i a l s .  Ccalbeds  and sand- 
s t o n e s  of t h e  3 a r t s h o r n e  F o r n a t i o n  were 
d e p o s i t e d  p r i m a r i l y  i n  d e l t a  p l a i n  en- 
v i ronments  ( 1 5 )  where humic o r g a n i c  mat- 
.- 
t e r  was predominant o v e r  s a p r o p e l - i c  or-  
g a n i c  m a t t e r ,  The hydrocarbons  g e n e r a t e d  
from t h i s  humic o r g a n i c  m a t t e r  would be 
mosr i y  met!-sne (16 ) .  However, i t  has  
been derfion!~tracf-lcl t h a ~  t h e  t i a r t snorne  
a e i  t:i s j s  Kcm ;:,)graded t o v a r d  en open s e a  
Lo t h e  west a n d  t h a t  t h e  Har t shorne  For- 
mation con ta in .  ;nore w r i n e - i n f l u e n c e d  
f ac ies  westward ( 1 5 ) .  Thus,  s a p r o p e l i c  
- 
c r ~ n r l i c  m a t t e r ,  which i s  more common i n  
x a r i n e  env i ronments ,  may have been t h e  
s o u r c e  of a t  l e a s t  p a r t  of t h e  hydrocar-  
bons  i n  t h e  west-ern p a r t  of t h e  bas in .  
Such s a p r u p e l i c  s o u r c e  m a t e r i a l s  t e n d  t o  
g e n e r a t e  h e a v i e r  hydrocarbons  than  humic: 
s o u r c e  m a t e r i a l s  and t h i s  d i f f e r e n c e  may 
account  f o r  v a r i a t i o n s  i n  carbon i s o t o p e  
va lues  and ne thane p r o p o r t  i o n s .  Addi- 
t i -ona l ly ,  t h e  lower rank of Har t shorne  
c o a l s  i n  t h e  wes te rn  p o r t i o n  of t h e  ba- 
s i n  i n d i c a t e s  t k a t  t h e  hydrocarbons  a r e  
less iza ture  than  t h o s e  i n  a r e a s  r l f  h i g h e r  
c o a l  rank.  Th i s  could  a l s o  c , o n t r i b u t e  t o  
v a r i a t i o n  i.n carbon i s o t o p e  v a l u e s  and 
m e t h s ~ ~ e  p r s y o r t i o n s .  
USE OF GAS CU~POSITIOK DATA T 9  I D E S T I C Y  
LbGAL ASD TEClilU3LdGICAL PROBLZ:.'IS 
I N  CNSEKGKOUXU -K\9 SURFACE blXTHtU E 
DP-4ISAiE PK3JECTS 
l d e n t i f i c a t i o n  of g a s  as e i t h e r  con- 
v e n t < o n a i  ( s a n d s t o n e )  or  coa lbed  i n  o r i -  
g i n  could  p o s s i b l )  be u s e f u l  i n  l e g a l  and 
technical p r o b l e m .  I f  g a s  from under- 
ground methane d r a i n a g e  p r o j e c t s  o r  
v e r t i c a l  iuethsne d r a i n a g e  boreho les  pro- 
L u c i n g  from coa lbeds  i s  provec t o  be 
occluded gas ,  t h e  o p e r a t o r  n;ay s e l l  t h i s  
;;as a t  a d e r e g a l a t e d  gas p r i c e .  T h i s  is  
pursuanc t o  S e c t i o n  107 of t h e  N a t u r a l  
Gas P o l i c y  Act of 1978. I n  December of 
1980, t h e  F e d e r a l  Energy Regu la to ry  Com- 
r i s s i c n  ?nd t h e  Oklahoma Corpora t ion  Com- 
miss ion  recommended f o r  a p p r o v a l  t h e  
Kerr-McGee Coal Corp. a p p l i c a t i o n  t o  s e l l  
occluded "coalbed"  gas  from t h e  Choctaw 
Mine a t  a d e r e g u l a t e d  p r i c e  (30). T h i s  
gas  gas  produced from a  h o r i z G t a 1  bore- 
h o l e  methane d r a i n a g e  sys tem o p e r a t i n g  
w i t h i n  t h e  mine. The key t o  a p p r o v a l  
r ecognized  by t h e  Commission was t h a t  t h e  
g a s  produced from t h e  coalbed d i d  indeed  
o r i g i n a t e  i n  t h e  coalbed.  
The composi t ion of gas  as i n d i c a t o r  of 
o r i g i n  Is a l s o  important  t o  underground 
methane d r a i n a g e  Zechnoi ogy . The g r e a t  
p o t e n t i a l  f o r  h i g h  gas e d s s i o n s  occur- 
r i n g  i n  advancing s - c t i o ~ l s  of mines de- 
veloped i n  t h e  Hartsl iorne Coalbeds has  
a l r e a d y  been e s t a h l j  shed.  A d d i t i o n a l  
emiss ion  problems may x c u r  a s  t h e s e  
mines approach one o t  t h e  many Hartshorne 
Sandstone r e s e r v o i r  rocks .  D i f f e r e n t  
methane d ra inage  t echn iques  may be re- 
q u i r e d  depending on t h e  immediate s o u r c e  
o f  t h e  gas (coa lbed  v e r s u s  sands tone) .  
I f  h igh  rnet't1ar.e emiss ions  from a  coa lbed  
a r e  encounte red ,  then  c o n v e n t i o n a l  h o r i -  
z o n t a l  d e g a s i f i c a t 5 o n  h o l e s ,  d r i l l e d  a 
few hundred ineters i n  advance of working 
s e c t i o n s  a t  an angle p e r p e n d i c u l a r  t o  
predominant c l e a t  d i rec t i1 ;n  i n  t h e  c o a l ,  
w i l l  produce optimum d r a i n a g e  e f f e c t s .  
On t h e  o t h e r  hand, i f  methane i s  e m i t t e d  
from a  nearby sands tone  r e s e r v o i r ,  o t h e r  
methane d r a i n a g e  t e c h n i q u e s  may be more 
e f f e c t i v e .  Th is  g a s  probably  w i l l  be 
e m i t t e d  i n t o  t h e  mine openings through 
t h e  s u p e r j a c e n t  and s u b j a c e n t  strata. 
One way t o  i n t e r c e p t  t h i s  m i g r a t i n g  g a s  
would be t o  dr i .11 c r o s s  measure h o l e s  i n -  
t o  t h e  f l o o r  and roof-rock a t  a n g l e s  t o  
t h e  n i n e  opening. Th is  t echn ique  is  s i m -  
i l a r  t o  longwal l  gob d r a i n a g e  w i t h  c r o s s  
measure h o l e s  ( 2 6 ) .  
- 
Once t h e  s a n d s t o n e  r e s e r v o i r  is  
breached by f r a c t u r i n g  of a s s o c i a t e d  
s t r a t a ,  t h e  b e s t  method may be t o  d r a i n  
t h e  r e s e r v o i r  by opening a l l  t h e  g a s  
w e l l s  f o r  f u l l  p roduc t ion  t o  d e p l e t e  t h e  
r e s e r v o i r .  Th i s  r a i s e s  complex problems 
of ownership of r e s o u r c e s  and l e g a l  proh- 
Lems t h a t  a r e  beyond t h e  scope  of t h i s  
r e p o r t .  
INFLIJENCE OF GEOLOGIC STKUCTURES ON DEVELOPMENT OF DEEP MINES 
AND PLACEMENT OF COALBED METHANE DRAINAGE WELLS 
Mine p lann ing  and development,  t h e  
c h o i c e  of mining system,  and t h e  pos i -  
t i o n i n g  of coalbed methane d r a i n a g e  w e l l s  
a r e  i n f l u e n c e d  by t h e  s t r u c t u r e  of t h e  
Arkona Basin.  Yil-c~udhou; t h e  b d s i n ,  t h e  
d i p  of t h e  Har t shorae  Coalbeds i s  v a r i a -  
b l e ,  and i n  yLaces exceeds 20'. F a u l t i n g  
o f  t h e  Hartshorrle Coalbeds has been ob- 
s e r v e d  i n  many oid mine workings and i s  
expec ted  t o  be a  s e r i o u s  problem i n  t h e  
s o u t h e a s t e r n  p o r t i o n  of t h e  s t u d y  a r e a  
where deformat ion i s  t he  nos t i n t e n s e .  
These s t r u c t u r a l  f e a t u r e s  m d s t  be consid-  
e r e d  when a mine i s  planned o r  methane 
d r a i n a g e  w e l l  i s  d r i l l e d .  
The Hartshorne Coalbeds have been eva l -  
u a t e d  s t r u c t u r a l l y  t o  determine t h e  de- 
g r e e  of d i p  and t h e  i n t e n s i t y  of f o l d i n g  
and f a u l t i n g  w i t h i n  t h e  s tudy  a r e a .  Such 
i n f o r m a t i o n  w i l l  a i d  i n  (1) choosing a 
mining sys tem t h a t  w i l l  e f f e c t i v e l y  d e a l  
w i t h  s t r u c t u r e - r e l a t e d  problems, ( 2 )  se-  
l e c t i n g  an  in-mine d e g a s i f i c a t i o n  sys-  
tem a p p r o p r i a t e  f o r  t h e  mining system,  
( 3 )  e s t i m a t i n g  t h e  l o c a t i o n  and degree  
o f  f a u l t i n g ,  and ( 4 )  a s s e s s i n g  e f f e c t s  of 
s t r u c t u r e  and overburden on t h e  placement 
of s u r f a c e  methane d r a i n a g e  w e l l s .  
I n  o r d e r  t o  e v a l u a t e  t h e  s t r u c t u r e  of 
t h e  Har tshorne Coalbeds i n  t h e  s t u d y  
a r e a ,  s t r u c t u r a l  con tour  and overburden 
maps were c o n s t r u c t e d  u s i n g  t h e  gas  w e l l  
and c o r e  boreho le  d a t a  [ f i g s .  18 and 24 
(enve lope) ] .  Concomitant use  of t h e s e  
maps p rov ides  i n s i g h t  t o  t h e  s t r u c t u r e -  
i n f l u e n c e d  problems a n t i c i p a t e d  i n  mining 
t h e  Har tshorne Coalbeds. 
STRUCTURAL SETTING 
The Arkoma Basin  i s  a c u r v i l i n e a r  
t rough  ex tend ing  westward from e a s t -  
c e n t r a l  Arkansas t o  s o u t h - c e n t r a l  Okla- 
homa. The b a s i n  i s  bounded by t h e  Ozark 
U p l i f t ,  Oklahoma P la t fo rm,  t h e  Arbuckle 
Mountains, t h e  Ouachi ta  Mountains,  and 
t h e  Gulf C o a s t a l  P l a i n  ( f i g .  25). 
The b a s i n  evolved as a r e s u l t  of ten-  
s i o n a l  and subsequent  compress ional  
f o r c e s  e x e r t e d  by Ouachi ta  t e c t o n i s m  (2, . Broad s y n c l i n e s  and i n t e r v e n i n g ,  
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r e l a t i v e l y  nar row a n t i c l i n e s  c h a r a c t e r i z e  
t h e  s u r f i c i a l  s t r u c t u r e  of t h e  Arkoma 
B a s i n  (33 ) .  The a x e s  of t h e s e  f o l d s  l i e  
s u b p a r a n e l  t o  t h e  o v e r a l l  t r e n d  of  t h e  
b a s i n  ( 1 ) .  Numerous t h r u s t  f a u l t s ,  which 
a l s o  s'f-rike s u b p a r a l l e l  t o  t h e  b a s i n  
t r e n d ,  p i e r c e  t h e  c r e s t s  of t h e  narrow 
a n t i c l i n e s  and u n d e r l i e  much of t h e  s u r -  
f a c e  s t r u c t u r e  (1-2, 33) .  The s t r u c t u r e  
-- - 
b e n e a t h  t h e  t h r u s t  f a u l t s  h o r i z o n  i s  
dominated  by basemen t - r e l a t ed  normal  
f a u l t s .  These  f a u l t s  produced c o n s i d e r a -  
ble t h i c k n e s s  v a r i a t i o n  i n  p re -Har t sho rne  
s t r a t a  (1-2) .  As t h e  O u a c h i t a  s t r u c t u r a l  
- - 
f r o n t  i s  approached  f r o m  n o r t h  t o  s o u t h ,  
t h e  a m p l i t u d e  o f  f o l d s  and  t h e  d i s p l a c e -  
ment a l o n g  major  r e v e r s e  f a u l t s  i n c r e a s e  
, 1 3  I n  t h e  s t u d y  a r e a ,  f o l d i n g  and 
f  a u l t G g  become more s e v e r e  f rom n o r t h -  
west t o  s o u t h e a s t .  
EFFECTS OF FOLDING OK >LINE PLANNlNG 
AKLI DEVELC)PMENT, P l I N l N G  SYSTE?lS, 
AND PETKAtYE DRAINAGE PROGRAMS 
F o l d i n g  of  t h e  H a r t s h o r n e  Coalbeds  h a s  
i n f l u e n c e d  mine p l a n n i n g  and development  
i n  t h e  s t u d y  a r e a .  P a s t  mining  of  t h e  
H a r t s h o r n e  Coalbeds  has  been c o n f i n e d  
p r i m a r i l y  t o  a r e a s  of  v e r y  g e n t l e  d i p s  
a d j a c e n t  t o  o u t c r o p  ( f i g .  26).  These  
rnines, l o c a t e d  n e a r  t h e  town of Hart- 
s h o r n e ,  OK,  were deve loped  i n  s t r a t a  w i t h  
a n  a v e r a g e  d i p  of  15'. Here t h e  mines  
d r o v e  main e n t r i e s  p a r a l l e l  t o  t h e  c o a l -  
bed d i p  w i t h  submain e n t r y  development  
p a r a l l e l  t o  c o a l b e d  s t r i k e  ( f i g .  26) .  
Rooms were d r i v e n  u p d i p  f rom submains  s o  
t h e  c o a l  c o u l d  be e a s i l y  moved f rom t h e  
d e v e l o p i n g  f a c e  t o  r a i l c a r s  a l o n g  t h e  
submains.  Because submains  were d r i v e n  
FIGURE 26 .  - Locol sttclcture cori t rur rriop of Hartshorne Coalbeds showing main ar id  subrnaln entry 
developnient of abc~ri ioncd c-cai rlilrles r e f i r  I - l o r t s l ~ r ~ r ~  p,  CK. 
a l o n g  s t - r i k e  (1~11  I I  ivc~Lv f l a t ) ,  ~ 0 3 1  
c o u l d  be e a s i  lp r r - : : * l ~ y ' ~  t nri LC' : FL, i p 
h o i s t  a l o n g  ma i n  clot : r 3  t i ; ~ I I S I ) O ~ ~  ! 1, 
t h e  s u r f a c e .  
P r e s e n t  c o n d i t i o n s  a r e  suc-11 tlt:rt n e w  
mines opening i n  t h e  a r e s  mist lor-ate 
i n  a r e a s  of adverse  s t  r u i . t u r a l  sct t txng 
(compare f i g s .  3 arid 4 with  2 4 ) .  l r l  t h e  
s t u d y  a r e a ,  foldiizg i s  m+st in t -ease  i n  
t h e  s o u t h e a s t e r n  p o r t i o n s ,  c l o s e  t o  t h e  
Choctaw F a u l t ,  bu t  d i e s  o:;t t , r ,  t !~c  ilcjrth- 
w e s t  ( f i g .  2 4 ) .  Kela t ivc l j  t i g t ~ t  f o l d s  
s u c h  a s  t h e  C o l g a t e ,  Szvanrlah,  and C r a i g  
Ant i  c l i n e s ,  and t h e  Kiowa arid Hai l e y v i l l e  
S y n c l i n e s  ( f i g .  2 4 )  w i l l  p r e v e n t  develop-  
ment of mines us ing  co11ve~Liorlal  roour  
a n d - p i l l a r  teclu~iquer;. S t e e p l y  d i p p i n g  
beds a s s o c i a t e d  w i t h  i n t  c11se f o l d i n g  w i l l  
g e n e r a t e  a d d i t i o n a l  problems t h a t  Inust he 
accounted f o r  d u r i n g  p r o p e r t y  e v a l u a t i o n .  
Along t h e  H a r t s h o r ~ ~ e  o u t c r o p  i n  T l S  K l l E ,  
TIN R12E, T2N K13E, arid T3N K l 4 E ,  d i p s  o f  
as much as 60' a r e  ~ n c o u ~ ~ t   red .ind there 
i s  no underground r n i r t i i l r  . iJj t h < i t 1 < * 1 1  11 i gh  
d i p q ,  ( i n ~ r - i a l  T,  TI^ t>v . t . c , :  C ~ V I ~ . .  ~ I I I * - ~  
enployed.  I n  t h e  n o r t h w e s t e r n  p o r t i o n  of 
L h c ?  s t u d y  a r e a ,  f o l d i n g  is  less i n t e n s e  
nnd ordi .nary mining methods may be used. 
The placement of coalbed methane d r a i n -  
age w e l l s  i s  a l s o  a f f e c t e d  by t h e  f o l d  
s t r l . lc tures  of t h e  Arkoma Basin. I f  t h e  
s t r u r t i l r e  of a n  area i s  miscons t rued  o r  
poor ly  unders tood,  a v e r t i c a l  methane 
d r a i n a g e  w e l l  w i l l  be d r i l l e d  w i t h o u t  
knowing t h e  d e p t h  of t h e  p r o d u c t i o n  zone. 
Folded coa lbeds  produce problems i n  a n  
uudergrout~d methane d r a i n a g e  sys tem be- 
cause  i t  is  o f t e n  d i f f i c u l t  t o  keep a 
h o r i z o n t a l  boreho le  w i t h i n  a r e l a t i v e l y  
t h i n  bed when t h e  s t r i k e  and d i p  of t h e  
bed i s  con t inuous ly  changing ( f i g .  27 ) .  
Nos t methane d r a i n a g e  sys tems have been 
developed f o r  s t a n d a r d  mining w i t h  d i p s  
of 0" t o  20° (23). At d i p s  g r e a t e r  t h a n  
2 0 n ,  d i f f e r e n t  mining systems a r e  em- 
ployed ( i . e . ,  l ongwal l  mining,  b r e a s t  and 
p i l l a r ,  and underve in  development)  and 
t h e se  mining systems w i l l  r e q u i r e  spe-  
r:i a l i z e d  r e  t hane d r a i n a g e  t echn iques .  
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EFFECTS OF fAUL,TING ON M I N E  PLANNING 
AND DEVELOPbENT, M I N I N G  SYS'l'tiMS , 
AND METHlWE 1)KAINAGE PKOCK.a-hlS 
Numerous f a u l t s  throughout  t h e  s t u d y  
a r e a  p r e s e n t  many o b s t a c l e s  t o  mine 
p l a n n i n g  and development. Large-scale  
f a u l t s ,  s u c h  as t h e  Choctaw F a u l t ,  P h i l -  
l i p s  F a u l t ,  Ashland F a u l t ,  and Pen i t en-  
t i a r y  F a u l t ,  w i t h  hundreds of me te r s  of 
o f f s e t  ( f i g .  2 4 ) ,  a r e  n a t u r a l  b a r r i e r s  
t o  mine development.  These f a u l t s  geaer- 
a l l y  t r e n d  from n o r t h e a s t  t o  southwest  
and e x t e n d  5 t o  16 km ( 2  t o  10 mi) a l o n g  
s t r i k e .  They formed a s  a  r e s u l t  of com- 
p r e s s i o n a l  f o r c e s  a r i s i n g  d u r i n g  Ouach i t a  
t e c t o n i s m  ( 6 ) .  These l a r g e - s c a l e  f a u l t s  
a r e  c o n c e n t r a t e d  i n  t h e  s o u t h e a s  t e r n  
p o r t i o n  of t h e  s t u d y  a r e a ,  n e a r e s t  che 
Ouach i t a  s t r u c t u r a l  f r o n t .  
I n  a d d i t i o n ,  a  m u l t i t u d e  of smal l - sca le  
f a u l t s  a r e  found throughout  t h e  s t u d y  
a r e a .  These f a u l t s  a r e  no t  mapped on 
t h e  s t r u c t u r e  c o n t o u r  map because of 
t h e i r  small s c a l e ,  but a r e  found on nu- 
merous mine maps of t h e  a r e a .  Although 
d i sp lacement  on t h e s e  smal l - sca le  f a u l t s  
1 s  no t  g r e a t  enouf,t! t o  i n h i b i t  [n ining,  
t h r v  have  c r e a t e d  s e r i o u s  mine ilevelop- 
n:c:nt a n d  roof cont  r o l  p r o b l ~ m s  ( f i g .  2 6 ) .  
Thtshe ~ n i n o r  t a u i t s  d r e  g e n e r a l l y  01 i e n t - -  
ed s u b p e r p r n d i c u l ? r  nr  s u b p a r a l l e l  t o  
l o c a  ? st-ructur+.?s, .-irld r i ~ ( i  g e n e r a l l y  sev- 
e r a l  hundred mete r s  t o  1 kin ( 0 . 6  m i )  i n  
l e n g t h .  
F a u l t s  raay a l s o  i n t r o d u c e  problems i n -  
t o  a  methane d r a i n a g e  program t h a t  u s e s  
troLI1 v e r t  i.ca1 allti I ior izol l ta l  boreho les  
( f i g .  177) .  E'e~il i s  a r e  sl i  f f  icul t t o  d r i l l  
through aud make 1 ,~ -o jec t  ions  o t  t h e  c o a l -  
bed d e p t h  d i f  t i c ! ~ l t  t o  a s c e r t a i n .  Addi- 
t io i~al . !y ,  the ~ ~ e r t .  ica l .  displ .acemsnt of 
f a u l t s  can co~~q)art~nerl traLize t h e  coa lbed  
gas r e s z r v o i  r 31?d prejlent  e f f e c t i v e  
d r a i n a g e  o f  methaue. B r e c c i a t i o n  and 
t - r a e t u r i  11g associated w i t h  f a u l t i n g  gen- 
e r a l l y  i n c r e a s e  t h e  p e r m e a b i l i t y  of c o a l  
arid produce i l lcreased gas  f lows i n  t h e  
v i c i n i t y  of a f a u l t ,  but  can p r e s e n t  
problems i n  m a i n t a i n i n g  a n  open hole .  
F a u l t s  t h a t  extend t o  t h e  s u r f a c e  may 
e i t h e r  e~1ii.L methane i n t o  t h e  atmosphere 
o r  i n f u s e  water  i n t o  t h e  c o a l  t h u s  l i m i t -  
i n g  waLer removal e f f  ec t r iveness .  
S U ~ ~ Y  AND CONCLUSIONS 
The H a r t s h o r n e  c o a l  and a s s o c i a t e d  g a s  
r ema in  l a r g e l y  unproduced because  of 
s e v e r a l  complex and somewhat i n t e r r e l a t e d  
g e o l o g i c a l  f a c t o r s .  Approximate1.y 1  b i l -  
l i o n  t (1 .1  b i l l i o n  T)  of  c o a l  i n  p l a c e  
r ema in  untouched by s t a n d a r d  mining 
sys t ems .  Methane r e s o u r c e s ,  e s t i m a t e d  a t  
9.2 b i l l i o n  m3 (325 b i l l i o n  f t 3 )  have 
o n l y  r e c e n t l y  been t e s t e d  f o r  p r o d u c t i o n  
p o t e n t i a l .  B a s i c  e n g i n e e r i n g  and geolog-  
i c a l  r e s e a r c h  i n d i c a t e d  s e v e r a l  p o t e n t i a l  
problem a r e a s  r e l a t e d  t o  mining and g a s  
r e s o u r c e  p o t e n t i a l :  V a r i a t i o n s  i n  t h i c k -  
n e s s  of c o a l s ,  i n c r e a s e s  i n  methane con- 
t e n t  w i t h  i n c r e a s e s  i n  ove rburden  and 
r a n k ,  e n g i n e e r i n g  and l e g a l  g a s  produc- 
t i o n  problems because  of  c l o s e  a s s o c i a -  
t i o n  of Har t shorne  Coalbeds and Sand- 
s t o n e s ,  and v a r i a b i l i t y  i n  f o l d i n g  and 
f a u l t i n g  of t h e  H a r t s h o r n e  Formation.  
D e t a i l e d  g e o l o g i c a l  maps p r e s e n t e d  i n  
t h i s  r e p o r t  w i l l  h e l p  t o  plari  f o r  o r  
a v o i d  many g e o l o g i c a l l y  i n f l u e n c e d  mining 
a n d  methane d r a i n a g e  problems,  Areas  of 
m i n a b l e  c o a l b e d s  have been d e l i n e a t e d  
t h e r e b y  p r o v i d i n g  a b a s i c  r e f e r e n c e  f o r  
e x p l o r a t i o n  programs. I n v e s t i g a t i o n s  of 
methane c o n t e n t  have  i n d i c a t e d  a  need f o r  
a  comprehens ive  methane c o n t r o l  program 
i n  underground mines.  T h i s  l a r g e  methane 
r e s o u r c e  c o u l d  a l s o  be of economic s i g -  
n i f i c a n c e  i n  t h e  f u t u r e .  
V a r i a t i o n s  i n  methane c o n t e n t  must be 
u n d e r s t o o d  f o r  d e s i g n i n g  methane d r a i n a g e  
programs and mine v e n t i l a t i o n .  L o c a t i o n s  
of gas-producing H a r t s h o r n e  Sands tone  a r e  
p rov ided  t o  i n d i c a t e  t h e  a d d i t i o n a l  
h e a l t h ,  s a f e t y ,  and p r o d u c t i o n  problems 
t h a t  w i l l  o c c u r  i n  c e r t a i n  p o r t i o n s  of  
t h e  b a s i n .  A l so ,  d a t a  p rov ided  on t h e  
p h y s i c a l  and chemica l  c h a r a c t e r i s t i c s  of  
c o a l  and c o n v e n t i o n a l  n a t u r a l  g a s  a l l o w s  
r e c o g n i t i o n  of t h e  s o u r c e  of g a s  emis- 
s i o n s  a n d / o r  f lows .  Examinat i o n  of  
s t r u c t u r e - r e l a t e d  problems and t h e  l o c a -  
t i o n s  of a r e a s  e x p e c t e d  t o  have t h e s e  
problems a r e  g iven .  
The d a t a  p rov ided  i n  t h i s  r e p o r t  s h o u l d  
be used  by e n g i n e e r s  and g e o l o g i s t s  i n  
p l a n n i n g  f o r  t h e  s a f e s t ,  n o s t  produc- 
t i v e  mining and methane d r a i n a g e  sys t ems  
a v a i l a b l e  f o r  t h e  H a r t s h o r n e  Coalbeds of  
t h e  Western Arkoma Basin.  
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Kim's g e n e r a l  e q u a t i o n  (2111 f o r  e s t i m a t i n g  t h e  methane c o n t e n t  (cubic c e n t i m e t e r s  
p e r  gram) of c o a l  in ? l a c e T s  
(100  - p c t  m o i s t u r e  - p c t  a s h )  v = --------------------- --- 
100 
where  h  = d e p t h  i ~ z  n e t e r s .  
Vd lues  1 0 ~  V W / V d ,  K O ,  Xo,  allJ b are Ct?pe,iJent: on t h e  r a n k  af t h e  c o a l .  Kepresen ta -  
t i v e  a v e r a g e  v a l u e s  f o r  t h e s e  v a r i a b l e s  were  d e t e r m i n r d  tf,r t h e  l o w - v o l a t i l e  an2  
h i g h - v o l a t i l e  A b i tuminous  !-idrtsilorne c o a l s .  The f o l l o w i : ~ g  d a t a  are  c o n s i d e r e d  t o  be 
t h e  b e s t  a v a i l a b l e  v a l u e s  f o r  e s t i m a t e s  of  methane c o n t e n t s  a t  d i f f e r e n t  r a n k s :  
Mois ture . . . . . . . . . . . . . . . . . . .  . . . . . . . p  c t . .  
Ash. . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . p  ct. .  
F ixed  c a r b o n  (FC) . . . . . . . . .p c t  (Cmnf)'.. 
V o l a t i l e  m a t t e r  (Vn) . . . . . . .p c t  (dmmf).. 
Tempera tu re  c o n s t a n t  ( b )  ........ crn3/g.. 
R a t i o  of a d s o r b e d  g a s  i n  wet and d r y  
c o a l  V,/V d............................ 
Kank c o n s t a n t  (kc = 0.8 FC/Vm + 5.6) . . .  
Kank c o n s t a n t  (No = 0.315 - 0.01 FC/Vm) l - ' - - - . . - - - -  "-- 
Dry m n e r a l  matter f r e e .  
The above  v a l u e s  c a n  be i n s e r t e d  i n t o  e q u a t i o n  A-1 t o  p r o b l ~ c - .  t h e  f o l l o w i n g  
s i inp l i f  -led eq:lat i o n s  : 
ELV = -0.982 - 3.092 x h + 3.122 x ho*'"', (A- 2 )  
where  ELV = e s t i m a t e d  methane c o n t e n t  of l o w - v o l a t i l e  bituic~.noi::; i - Iar tshorne Coa l ,  
c u b i c  c e n t i m e t e r s  p e r  gram, 
EHV = e s t i m a t e d  rne~llane c o n t e n t  of  h i g h - v o l a t i i e  b i tuminous  H a r t s h o r n e  coal . ,  
c u b i c  c e n t i m e t e r s  pel: gram, 
and  ti = d e p t h ,  meters. 
E q u a t i o n  A-2 was used  t o  g e n e r a t e  f i g u r e  1 9 ,  and e q u a t i o n  A-3 g e n e r a t e d  f i g u r e  20. 
- ----Ap- - -- - ------------------------------ ---- 
'underl ined numbers ir, p a r e n t h e s e s  refer t o  i t e m s  i n  t h e  l l s t  of r e f e r e n c e s  preced-.  
ing t h e  append ix .  
